Irinotecan (CPT-11) is considered an important drug in the treatment of colorectal cancer, but its continuous administration reduces its sensitivity and influences the curative effect. The metabolism of CPT-11 is mainly controlled by carboxy-lesterase (CES), UDP-glucuronosyltransferase 1A (UGT1A), and β-glucuronidase (GUSB). Studies to date have shown that methylation acts as an important mechanism for gene expression to suppress the metabolic enzymes of many chemotherapeutics. This study, which selected 99 colorectal cancer patients, 23 of whom had paracancerous tissues and eight of whom had large intestine adenomas, aimed to investigate the correlation between the protein expression of the CPT-11 metabolic enzyme genes CES2, UGT1A1, and GUSB and various clinical pathological parameters of colorectal cancer tissues, as well as the relationship between methylation regulation and the gene expression of CES2, UGT1A1, and GUSB. We used immunohistochemistry staining, methylation-specific PCR, and clinical status to reveal the possible regulatory targets of chemotherapeutic resistance in colorectal cancer and to provide new ideas and countermeasures to reverse anti-cancer drug resistance and chemosensitization. The results showed that the expression of CES2, UGTA1A1, and GUSB varies in colorectal pathology tissues and that the expression of CES2 is somewhat related to tumor staging. This relationship is likely caused by the gene regulation of UGT1A1 and GUSB, and other regulation mechanisms may also be involved. The methylation of the CES2 gene is irrelevant to the morbidity associated with colorectal cancer. The GUSB gene showed no significant differences in methylation, and the hemi-methylation was also positive, the regulating ability of which needs to be verified. The potential role of these genes in the colorectal cancer progresion, which may be directly related to the methylation regulation of UGT1A1, requires further research. The promoter of the UGT1A1 gene in colorectal cancer cells is methylated, which is an important mechanism of UGT1A1 gene silencing and can be regarded as the target point of research for CPT-11 drug resistance and control mechanisms for the reversal of drug resistance.
Colorectal cancer is considered to be a malignant tumor with one of the highest incidence and mortality rates. In late, recurrent, or metastatic colorectal cancer cases, pharmacotherapy serves as the main strategy for current chemotherapy. Current studies on the drugs used in the treatment of colorectal cancer have mainly focused on the screening of new target points, such as the epidermal growth factor receptor (EGFR) inhibitor and cyclooxygenase (COX)-2 inhibitor, which have demonstrated good therapeutic effects in the initial stage of therapy. However, along with the development of drug resistance, the therapeutic effects also vary between these drugs. The drug resistance gene mechanism has always been the focus of relevant studies; however, desired effects have not yet been achieved, and an effective therapeutic method that can reverse drug resistance has not yet been developed. Therefore, targeted research on drug resistance has rapidly increased in relevant fields.
Aberrant methylation is one of the phenotypes of tumor cells. Hypomethylation defects are very common in malignant tumors [1, 2] , especially in solid tumors such as metastasizing hepatocellular carcinoma, cervical cancer, and prostate cancer [3] [4] [5] . The degree of hypomethylation defects is directly related to the grade of malignancy [6] , and hypomethylation can activate proto-oncogenes and cause abnormal expression. Current studies have confirmed that the genomic instability caused by the general hypomethylation of DNA is one of the causes of tumor formation [7, 8] . Researchers have also found that chromosome demethylation caused by the mutation of DNA methyltransferase (DNMT) may lead to the genomic instability of mice and lymphoma [7, 9] . Gene silencing that results from over-methylation may lead to drug resistance. An analogue of deoxycytosine, decitabine, has been recently developed to address over-methylation. This drug can reverse drug resistance [10] by inhibiting the hypermethylation state of the DNMT-relevant gene promoter and topoisomerase. The target points regulated and controlled by methylation have shown new vitality in drug resistance studies, and the screening of these targets and verification of their functions have been the emphasis of relevant studies.
Irinotecan (CPT-11) has been considered a main drug in the treatment of colorectal cancer in recent years, but CPT-11 commonly shows insensitivity to chemotherapy treatment in colorectal cancer. Irinotecan and its metabolites are mainly cleared by the liver, and only a small amount (<20%) is cleared by the kidney. It is further hydrolyzed by carboxy-lesterase (CES) in the liver tissue and changed into its active metabolite, SN-38, which is then inactivated to the inactive conjugate SN-38G by the UDP-glucuronosyltransferase 1A (UGT1A) glucose aldehyde group before being excreted to the enteric cavity through the bile. Some SN-38G is changed into SN38 after losing a glucose aldehyde group as a result of GUSB (Fig. 1) . The GUSB in the tumor tissue also participates in this process.
Therefore, the regulation and control of the expression of CPT-11 metabolic enzymes inside colorectal cancer cells are directly related to the concentration of SN-38, which in turn affects the curative effect of chemotherapeutics. Many chemotherapeutic metabolic enzymes cause epigeneticgene silencing, whereas methylation is most likely an important mechanism associated with the regulation and control of the gene expression of these enzymes. This paper explores the correlation between the relevant gene expression of CPT-11 metabolic enzymes and the pathological development of colorectal cancer.Furthermore, this study investigated a potential regulatory methylation mechanism associated with these genes and aimed to reveal the possible regulatory target points of chemotherapeutic resistance in colorectal cancer. These findings should provide new insights and countermeasures relevant to the reversal of anti-cancer drug resistance and chemosensitization.
Materials and methods
Pathological samples. All tumor samples were collected from patients diagnosed with colorectal cancer at Southwest Hospital from 2003 to 2008, including 99 samples of surgically excised tumors, 23 paracancerous samples, and eight colorectal adenoma samples. The detailed clinical data, surgical records, and pathological records of all patients were also provided. Patients with adenocarcinomas did not receive radiotherapy or chemotherapy before the operation. Among the 99 colorectal cancer patients, 52 were male and 44 were female. The cohort age ranged from 25 to 86 years, with an average age of 55.77±13.70 years; 52 patients were under the age of 60 years, and the remaining 47 patients were over the age of 60 years. The cohort included 60 cases of rectal cancer and 39 cases of colon cancer. A total of 80 patients exhibited highly and medium-differentiated tumors, and 19 patients exhibited low-differentiated tumors. According to the staging of colorectal cancer determined by AJCC (2002), 28 cases were Stage A colorectal cancer, 31 cases were Stage B colorectal cancer, 27 cases were Stage C colorectal cancer, and 37 cases were Stage D colorectal cancer.
Immunohistochemical staining. The immunohistochemistry staining was performed on 6-μm-thick paraffin sections. The paraffin section were dewaxed in xylene and rehydrated via gradient ethanol immersions, followed by an incubation in methanol containing 3% H 2 O 2 for 10 min to inactivate endogenous peroxidase. This inactivation was followed by washing the sections three times for 5 min in phosphate-buffered saline (PBS). The antigen was retrieved by boiling the samples in citrate buffer (pH 6.0) for 15 min, followed by blocking with 10% normal fetal bovine serum (FBS) before incubating them with a primary or polyclonal antibody (diluted in blocking buffer) in a humid chamber at 37°C for 1 h. The samples were then incubated with rabbit anti-human CES2 (1:500), goat anti-human UGT1A1, or goat anti-human GUSB overnight at 4°C in a humid chamber and washed three times for 5 min in PBS. The antigen was incubated for 30 min at 37°C with Envison+, peroxidase, rabbit IgG(1:200 dilution), followed by washing with PBS. The antibodies and working dilutions used in this study are listed in Table 1 . The reaction product was visualized with diaminobenzidine (DAB, ZLI-9032, ZSGB; Beijing, China) as a chromogen substrate at room temperature for 5 min. Finally, stained sections were briefly (20 s) counterstained with hematoxylin (ZLI-9039, ZSGB; Beijing, China), followed by rinsing in running tap water for 15 min. The samples were then dehydrated, cleared with xylene, and mounted in Permount (Thermo Fisher Scientific, USA). The staining was visualized under a light microscope (Olympus BX51, Olympus, Japan), and the images were captured using a DP70 digital camera. For all antibodies tested, positive and negative tissues were utilized as positive and negative controls, respectively.
Evaluation of immunohistochemical staining. Immunohistochemical staining involves the use of known positive samples as a positive control and substitutes the primary antibody with PBS as a negative control. Five random views (×400 magnification) from each pathological section were selected to evaluate the results. The evaluation was based on the staining intensity and percentage of positive cells. Specifically, the color intensity (yellowish brown) correlated positively with the degree of antibody fixation, and a higher degree of antibody fixation indicated an increased presence of the target protein; namely, positive cells presented a color change with antibody fixation. The percentage of positive cells can reflect the primary expression and intensity of the tested proteins. The expression of the protein of interest was determined based on a comprehensive score: 1. Staining intensity: colorless, score of 0; faint yellow, score of 1; brown-yellow, score of 2; and yellowish-brown, score of 3; 2. Number of positive cells: this score was based on 200 cancer cells on each section, assessed in five views. If the number of positive cells did not exceed 10%, the score was 0; if the number of positive cells was between 11 and 25%, the score was 1; if this number was between 26 and 50%, the score was 2; and if this number was between 51 and 100%, the score was 3.
Based on the product of these two scores, the comprehensive score was determined as follows: values between 0 and 3 were deemed (-); a score of 4 was deemed (+); a score of 6 was deemed (++); and a score of 9 was deemed (+++).
Methylation-specific PCR. The MSP primers were designed in strict accordance with the following principles: 1. The primer sequence contained at least one CpG island. Furthermore, this CpG island was located near the 3' region. 2. The primer sequences contained many C-terminals without CpG islands. 3. Both the number and position of the CpG island were identical in the methylated and unmethylated DNA primers. 4. Other principles were consistent with those associated with regular PCR. The DNA of the placental gene group has been proven to be unmethylated. The placental DNA that regulates M.SssI methyltransferase was modified using the DNA CpG island methylation modification kit, and PCR amplification was used as a positive control for methylation. The placental DNA that does not regulates M.SssI methyltransferase was modified using the DNA CpG island methylation modification kit, and PCR amplification was used as the non-methylation positive control. The methylation-specific PCR could amplify the proposed methylation sequence via a specific primer, while the unmethylated sequence could not be amplified. According to the positive control of the two groups of placental DNA, the likely DNA gene associated with methylation status could be determined. Total RNA was prepared according to the manufacturer's instructions. After DNase I treatment, 2 μg of RNA was reverse-transcribed with AMV reverse transcriptase. The DNA of the placental gene group was extracted (DNA Easy Kit, Qiagen, Germany) and divided into two groups, and H 2 O was added to 40 µL of one group with 4 µL of 10×NEB Buffer, 0.2 µL of SAM (32 mM), 2 U of Sss I Methylase, and 2 µg of DNA. The mixture was then incubated in a water bath at 37°C for 3 h to induce methylation. Next, 2 µg of DNA from each gene group was then modified with hydrosulphite (EZ DNA Methylation Kit, ZYMO, Germany). The hydrosulphite can enable deamination in the unmethylated cytosine in the DNA sequence and transform it to uracil, while methylated cytosine cannot be deaminated. The treated placental DNA would have underwent the PCR-amplified reaction in the same system as the sample DNA. A master mixture containing the reaction buffer, dNTPs, Taq polymerase, and 1.6 µL of cDNA in 20 µL of reaction mixture was transferred to different PCR tubes. The reaction conditions were defined as follows: 94°C for 3 min, 94°C for 30 s, and 53°C for 30 s for 30 cycles, followed by 72°C for 40 s and 72°C for 5 min. The forward and reverse primers corresponding to different individual genes were added to the PCR tubes and subjected to PCR amplification using primer sets directed against CES2 M/UGT1A1 M /GUSB M and CES2 U/ UGT1A1 U /GUSB U. The annealing temperature was 53°C for these primers, which are shown in Table 2 . The specific methylated primer could only amplify the methylation strip, while the specific unmethylated primer could only amplify the unmethylated strip, i.e., each sample could amplify only one strip. When the methylated and unmethylated products were simultaneously amplified in a specimen, the sample was considered to be hemimethylated. Hemimethylation is also called positive methylation. Statistical analysis. Each experiment was repeated at least twice, and each data point represents the mean of at least three parallel samples. The Pearson chi-square test was adopted to test the relationship between the protein expressions of CES2, GUSB, and UGT1A1 and clinicopathological indicators. A paired-data chi-square test was adopted to test the relationship between the expressions of CES2, UGT1A1, and GUSB in colorectal cancer tissues and paracancerous normal tissues. A paired-data chi-square and kappa test were also adopted to test the consistency between the methylation state of the promoter and the protein expression. The SPSS 13.0 software was used for the statistical analysis (SPSS, Inc.), and P<0.05 indicated a significant difference.
Results
Pathological analysis on random pathological sections of colorectal cancer. Two randomly selected sections were identified as tubular adenomas based on the obvious pathological characteristics of tubular adenoma visualized via the HE staining of the paraffin sections of 99 cases of colorectal cancer, 23 of which were paracancerous normal tissues and eight of which were adenoma tissues. These sections showed chambers of different sizes with mucus in them, and their epithelia matched and exhibited an irregular tubule-type shape, a long and narrow trabecular lumen, or a lack of myoepithelial cells in the trabecular periphery. The sample was loosely attached to the mesenchyme, which showed a large number of blood capillaries and venules. The parenchyma and mesenchyme were separated by the basilar membrane ( Fig. 2 A and B) . All pathological results were consistent with the original diagnosis. The samples could be used to research the relationship between the gene expressions of CES2, UGT1A1, and GUSB in colorectal cancer tissues and aberrant methylation.
The expression levels of CES2, UGT1A1, and GUSB in the colorectal cancer tissues and normal tissues. Commercially available antibodies against colorectal cancer tissue and normal tissue markers for other species have not been evaluated in humans. Thus, we chose the antibodies listed in Table 1 . The results showed that the positive signals of CES2, UGT1A1, and GUSB protein presented as faint yellow to tawny particles. Among the representative samples, the faint brown-yellow particles indicating CES2, UGT1A1, and GUSB suffused in the cytoplasm and focused on the mucous epithelium of the intestine, with no expression in the cell membrane or karyon. However, the expression of GUSB in the intestinal mesenchyme lymphocytes was higher than that in normal tissues ( Fig. 3 A-I genes, CES2 and UGT1A1, show regular changes in cancer tissues, which may be caused by methylation (Table 3 ).
3.3 The relationship between the expression of CES2, UGT1A1, and GUSB in colorectal cancer, paracancerous, and adenoma tissues and the clinical pathological parameters of patients with colorectal cancer A total of 99 cases of colorectal cancer patients with complete clinical data were grouped according to, for example, the patients' gender and age, tumor location, tissue type, differentiation, and staging. The gender, age, tumor location, tissue type, and differentiation did not obviously correlate with the expression levels of CES2, UGT1A1, and GUSB as assessed by a chi-square test (P>0.05). However, the expression of CES2 showed statistically significant differences between different stages (P<0.01). The data indicated that the staging of colorectal cancer was a function of the expression of CES2: the later the staging, the lower the expression rate of CES2 (Table 4) . However, the immunohistochemical staining proved that the expression of CES2 and UGT1A1 differed in normal tissues. Therefore, the expression of CES2 should be changed as a result of changes in its regulation after tumor development. Specifically, UGT1A1 regulates its expression in the presence of a tumor. Thus, the development and metastasis of the tumor would not cause secondary regulation [11] . The data also indicated that the expression of three types of genes was the result of a relatively independent regulatory progress without any correlation.
Analysis of the methylation of CES2, UGT1A1, and GUSB genes in carcinoma tissues of colorectal cancer patients. After conducting a CES2, UGT1A1, and GUSB gene promoter methylation test for the 99 colorectal cancer samples, MSP agarose gel electrophoresis was also performed on 23 color- 
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. GUSB was hemimethylated in 59 colorectal cancer and in 23 paracancerous tissue samples. The expression of the GUSB gene, the regulatory ability of which needs to be verified, did not significantly differ between the hemimethylated samples. The potential role of this gene in colorectal cancer progression required in-depth research, and according to the results of the methylation-specific PCR, CES2 was not involved in the regulation of methylation. However, UGT1A1 gene methylation clearly correlated with the protein expression. When the gene was methylated, the protein expression was lower and vice versa. Moreover, the positive expression rate of colorectal cancer tissues was obviously higher than that of paracancerous normal tissues, which further indicated that the UGT1A1 methylation conditions of cancerous tissues were significantly different from those of normal tissues (Fig. 5) . The UGT1A1 gene was methylated in 85 of the 99 colorectal cancer tissues, among which the high expression rate was 4.70% (4/85). The UGT1A1 gene was unmethylated in 14 cases, among which the high expression rate was 64.20% (9/14) . A Spearman rank correlation was adopted to analyze the relationship between UGT1A1 gene methylation and protein expression, and the results showed that the methylation state and UGT1A1 gene expression were negatively correlated (r=-0.620).
Discussion
The CES2, GUSB, and UGT1A1 genes play an important role in regulating the in vivo metabolism of CPT-11. Carboxy-lesterase (CES), which is mainly distributed in the cell cytosol, mitochondria, and neoplasm, is a type of polyprotein that mainly catalyzes the hydrolysis of esters, sulfates, and amides [12, 13] . The CES gene is located on 16q132 q22 of the human chromosome and exists in two forms, CES1 and CES2. It is highly conserved, especially CES2. The specific function of this type of enzyme has not yet been determined; however, carboxylesterases have been speculated to play a role in lipid metabolism and/or the blood-brain barrier system. An in vitro study has shown that CES2 plays a far [14] . CES2 is the most important carboxy-lesterase in colorectal cancer and determines the hydrolysis of CPT-11. The individual differences in CES may be the reason for the difference in the curative effect and toxicity of CPT-11 [15] .
Research shows that CES reformation plays a significant role in improving the effect of CPT-11, and it may become the goal of gene therapy for colorectal cancer [16] . UGT1A is an enzyme associated with the glucuronidation pathway that transforms small lipophilic molecules, such as steroids, bilirubin, hormones, and drugs, into water-soluble, excretable metabolites. The locus includes 13 unique alternate first exons, followed by four common exons. Four of the alternate first exons are considered pseudogenes. Each of the remaining nine 5' exons may be spliced into the four common exons, resulting in nine proteins with different N-termini and identical C-termini. Each first exon encodes the substrate binding site and is regulated by its own promoter [17] . UGT1A1 is the only UGT genetic subtype that correlates with the bilirubin glucuronidation biological channels. By converting SN38 into an inactive compound, the UGT1A1 gene-coding enzymes protect the healthy cells from the toxicity of CPT-11. A report by Ratain from the University of Chicago demonstrated that the specific polymorphism expression of UGT1A1 genes of the patient serves as an important predictive index of serious leukocytopenia when treating with Irinotecan [18] . GUSB, a conserved housekeeping gene, participates in the catalysis of complex carbohydrates [19] . Human GUSB belongs to the glycosidase family, which is primarily involved in the hydrolysis process of the β-glucuronic acid residue from the non-reducing end. Human GUSB is located in the lysosome. In the gut, brush border GUSB converts conjugated bilirubin into the unconjugated form for re-absorption. The correlation between the expression of GUSB in tumor tissues and the sensitivity of CPT-11 is still disputed. Based on the roles that the CES2, UGT1A1, and GUSB genes play in the metabolism of CPT-11, they can possibly be used as the regulating and controlling target points for CPT-11 to increase its efficacy and drug resistance. Currently, reports on the expression of CES2, UGT1A1, and GUSB in colorectal cancer tissues vary. A direct relationship between these three genes and the occurrence of tumors has not been reported, although recent correlation studies have been unified to a certain extent, i.e., the expression of GUSB does not differ between patients with colorectal cancer and healthy patients, while the expression of UGT1A1 and CES2 is somewhat related to the occurrence and development of tumors. Some studies [20] have reported that the change in UGT1A1 gene expression is directly related to the metastasis of colorectal cancer; additionally, the change in UGT1A1 can directly affect the mortality and recurrence rates of colorectal cancer in patients after receiving irinotecan treatment [21] . The increasing evidence that supports UGT1A1 as a potential target is worthy of attention, and our study also supports these findings. In addition, the relationship between CES2 and clinical staging has also been confirmed by similar reports, and studies have proven that CES2 expression is induced after the development of colorectal cancer and influences the development of colorectal cancer [22] . As such, the research direction of the UGT1A1 and CES2 genes as targets of the CPT-11 drug-resistance mechanism is feasible, but the role of methylation in the regulation of these two genes is currently unknown.
This study aimed to analyze the correlation of the respective expression levels of CES2, UGT1A1, and GUSB with clinical parameters by means of immunohistochemistry. The expression of CES2 was found to significantly differ between clinical stages (P<0.05). The clinical stage negatively correlated with CES2 expression. The chemotherapy effect of CPT-11-related metabolic enzymes cannot be judged by differences in the clinical stages alone. CES2, UGT1A1, and GUSB do not clearly correlate with gender, age, disease location, tumor differentiation, or other clinical indices. However, the expression levels of UGT1A1 and CES2 are specific, which suggests that they may somewhat correlate with the incidence of tumors and affect the development and stress effect of tumors. Furthermore, the mechanism responsible for the change in expression and potential interventions to artificially regulate it have not yet been determined.
Gagnon et al. determined that 82% of patients suffered from a lack of UGTIA mRNA expression [23] in a cohort of 50 patients with colorectal cancer. We aimed to confirm this finding with immunohistochemical staining, and the results showed that CRS2, UGT1A1, and GUSB were lowly expressed in colorectal cancer tissues. This expression level was even lower than that observed in adenoma and paracancerous tissues (P<0.05). The difference in expression levels between the different tissues suggested that the expressions of CES2 and UGT1A1 somewhat correlated with the incidence and development of the tumor. The literature has not yet reported evidence of CES2, UGT1A1, and GUSB as relevant metabolic enzymes of CPT-11. Samples that highly expressed CES2 or UGT1A1 often showed low expression of these same genes in their corresponding controls, which indicated a negative correlation and answered the aforementioned question that these two genes correlated with the incidence of tumors. Although the mechanism associated with this correlation requires further study. Furthermore, the involvement of methylation in the regulation of this process requires further investigation.
There is currently a dearth of studies in the literature concerning the epigenetic regulation of CES2, UGT1A1, and GUSB, which are the metabolic enzymes of CPT-11. However, the existing reports show that the expression of the metabolic enzymes of many drugs is regulated by DNA methylation [24] . The methylation and change in specific genes jointly drive colorectal adenomas toward the development of colorectal cancer [25] . Changes in specific DNA levels can serve as new screening biomarkers for colorectal cancer as well as a monitoring treatment for patients with colorectal adenoma [26] . Effective tests for the specific DNA methylation level present at the early stage of CPT-11 metabolism may be clinically sig-nificant for advanced colorectal cancer patients [20] . UGT1A1 has often been found to be methylated, and its role in tumor development is still unclear. The relationship between UGT1A1 methylation and clinical indicators has been researched, but statistically significant correlations have not been found between these two factors. Nevertheless, this is undoubtedly an important area for further study. If the regulation of UGT1A1 methylation can be demonstrated in other ways, it can be applied as a target point in this field. Furthermore, preliminary conclusions regarding CES2 and GUSB also require additional analysis to determine whether the methylation of CES2 and GUSB plays a role in treated colorectal cancer.
The MSP method can be used to prove our hypothesis to some extent and can serve as a direction for further research. The MSP test was performed in the present study in an attempt to demonstrate the possibility of regulating drug resistance by methylation via the correlations between the expression levels of CES2, UGT1A1, and GUSB in colorectal cancer tissues and abnormal methylation. The test results showed that 51 (51/59, 86.4%) colorectal cancer tissues exhibited changes in the methylation of the UGT1A1 gene, and 15 of the paracancerous normal tissues were UGT1A1 methylation-positive. A total of 49 of the 51 methylation-positive tissues showed deficient UGT1A1 expression, and their methylation levels significantly correlated with the corresponding protein expression (P<0.01). This finding indicates that methylation may be an important mechanism that causes deficient UGT1A1 expression in colorectal cancer, which can serve as a potential research target for regulating and controlling the drug resistance of CPT-11. Furthermore, future studies may focus on the regulation of the expression levels of CES2, UGT1A1, and GUSB in colorectal cancer by aberrant methylation and the influence of the methylation of target gene on the sensitivity of CPT-11 to further expand on this hypothesis. Studies that indicate the importance of the methylation of CES2 and GUSB in relevant colorectal cancer tissues have not yet been reported.
According to the results of the methylation-specific PCR, CES2 was not involved in the regulation of methylation. Therefore, methylation may not be responsible for the influence of CES2 on the metastasis of colorectal cancer. Thus, the results of the immunohistochemical test may indicate either a chain reaction caused by UGT1A1 and GUSB or that other regulatory points exist. Methylation status is therefore concluded to be irrelevant to the morbidity of colorectal cancer. We will further study the correlation between different regulation mechanisms of CES2 and UGT1A1 to explore whether these mechanisms can generate a cascade reaction. GUSB was generally in the hemimethylation state and did not correlate with the corresponding protein expression. GUSB is a type of mosaic gene with several loci of methylation at the intron and exon. Thus, it belongs to the class of multi-locus regulatory genes [27] . GUSB expression is stable, and its regulation is not subject to the adjustment of the methylation level of the promoter and genome itself [28] . A substantial methylation locus may have mutational loci at exons, causing the inactivation of the overall GUSB expression level or part of the expression [27] . Thus, the degree of methylation of GUSB may not be fully presented in the qualitative experiment. Furthermore, the hemi-methylation may be fully presented, as methylation appeared in both tumor and normal samples, albeit to different degrees. GUSB can still serve as a regulatory target, which requires more indepth research. We hypothesize that GUSB may be indirectly regulated by UGT1A1 methylation.
In summary, this study identified differences in the expression of CES2, UGT1A1, and GUSB in colorectal pathological tissue, which confirms the correlation between CES2 expression and tumor staging. This relationship is likely caused by the regulation of the UGT1A1 and GUSB genes, although other regulatory mechanisms may exist. The methylation of the CES2 gene is relevant to the morbidity associated with colorectal cancer. GUSB gene expression did not significantly differ when the gene was hemi-methylated. The regulation ability of this gene still needs to be verified, and its potential role, which may be directly related to the methylation regulation of UGT1A1, requires further research. The methylation of the promoter of the UGT1A1 gene in colorectal cancer cells is an important mechanism of UGT1A1 gene silencing and can be considered the target of research associated with the CPT-11 drug-resistance mechanism. In addition, this study elucidated the role of aberrant methylation in the regulation of metabolic enzymes in colorectal cancer cells and ascertained the target points for further study of its mechanism and the function of drug sensitivity. These conclusions and approaches will provide important insight into the development of methods to reverse the drug-resistance of tumors and chemosensitization.
